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cation Ser. No. 11/325,432, entitled “Resonant Structure-
Based Display,” filed on Jan. 35, 2006; (7) U.S. application Ser.
No. 11/325,571, entitled “Switching Micro-Resonant Struc-
tures By Modulating A Beam Of Charged Particles,” filed on
Jan. 5, 2006; (8) U.S. application Ser. No. 11/325,334,
entitled “Switching Micro-Resonant Structures Using At
Least One Director,” filed on Jan. 5, 2006; (9) U.S. applica-
tion Ser. No. 11/350,812, entitled “Conductive Polymers for
the Electroplating™, filed on Feb. 10, 2006; (10) U.S. appli-
cation Ser. No. 11/302,471, entitled “Coupled Nano-Reso-
nating Energy Emitting Structures,” filed on Dec. 14, 2005;
and (11) U.S. application Ser. No. 11/325,448, entitled
“Selectable Frequency Light Emitter”, filed on Jan. 5, 2006,
which are all commonly owned with the present application,
the entire contents of each of which are incorporated herein
by reference.

FIELD OF THE DISCLOSUR.

(L]

This disclosure relates to the use and testing of ultra-small
resonant structures, and arrays formed there from, together
with the formation of associated structures located adjacent
such ultra-small resonant structures, and specifically an
approach for checking the operation of ultra-small resonant
structures as they are excited by beams of charged particles
directed there past within, for example, a high resolution,
scanning electron microscope, a high resolution, field emis-
s10n scanning electron microscope (FE-SEM) or an environ-
mental scanning electron microscope (ESEM) (collectively
referred to herein as an “SEM™), and light or other electro-
magnetic radiation (EMR) produced by the excited ultra-
small resonant structures.

INTRODUCTION

Ultra-small structures encompass a range of structure sizes
sometimes described as micro- or nano-sized. Objects with
dimensions measured in ones, tens or hundreds of microns are
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in ones, tens or hundreds of nanometers or less are commonly
designated nano-sized. Ultra-small hereinafter refers to struc-
tures and features ranging 1n size from hundreds of microns in
s1ze to ones ol nanometers 1n size.

The devices of the present invention produce electromag-
netic radiation (EMR), light or energy 1n a variety of spec-
trums by the excitation of ultra-small resonant structures. The
resonant excitation 1n a device according to the invention 1s
induced by electromagnetic interaction which is caused, e.g.,
by the passing of a charged particle beam in close proximity
to the device. The charged particle beam can include 1ons
(positive or negative), electrons, protons and the like. The
beam may be produced by any source, including, e.g., without
limitation an 10n gun, a tungsten filament, a cathode, a planar
vacuum triode, an electron-impact 1onizer, a laser ionizer, a
chemical 1onizer, a thermal 10n1zer, an 1on-1impact 1onizer. It 1s
desirable to be able to quickly test the operation of ultra-small
resonant structures formed on a substrate, to test such ultra-
small resonant structures 1n a quick yet precise manner, and 1n
apparatus that requires minimal set up. It 1s equally important
that alignment of the beam of charged particles and the ultra-
small resonant structures to be excited can be accomplished
very precisely and under controlled and repeatable condi-
tions.

Glossary: As used throughout this document:

The phrase “ultra-small resonant structure” shall mean any
structure of any material, type or microscopic size that by its
characteristics causes electrons to resonate at a frequency 1n
excess of the microwave frequency.

The term *“ultra-small” within the phrase “ultra-small reso-
nant structure” shall mean microscopic structural dimensions
and shall include so-called “micro” structures, “nano” struc-
tures, or any other very small structures that will produce
resonance at frequencies 1n excess ol microwave frequencies.

DESCRIPTION OF PRESENTLY PREFERRED
EXAMPLES OF THE INVENTION

BRIEF DESCRIPTION OF FIGURES

Theinvention 1s better understood by reading the following,
detailed description with reference to the accompanying
drawings 1n which:

FIG. 1 1s a diagrammatic showing of a scanning electron
microscope (SEM) based test apparatus;

FIG. 2 1s a diagrammatic showing of an SEM where a
nano-stage has been mounted and moved to orient an array of
ultra-small resonant structures relative to a beam of charged
particles within the SEM;

FIG. 3 shows an enlarged view of the nano-stage and its
positions of movement; and

FIG. 4 shows another approach for detecting the EMR
produced by the ultra-small resonant structures.

DESCRIPTION

Ultra-small resonating structures can be constructed with
many types of materials. Examples of suitable fabrication
materials include silver, copper, gold, and other high conduc-
tivity metals, and high temperature superconducting materi-
als. The material may be opaque or semi-transparent. In the
above-identified patent applications, ultra-small structures
for producing electromagnetic radiation are disclosed, and
methods of making the same. In at least one embodiment, the
resonant structures of the present invention are made from at
least one layer of metal (e.g., silver, gold, aluminum, plati-
num or copper or alloys made with such metals); however,
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multiple layers and non-metallic structures (e.g., carbon
nanotubes and high temperature superconductors) can be uti-
lized, as long as the structures are excited by the passage of a
charged particle beam. The materials making up the resonant
structures may be deposited on a substrate and then etched,
clectroplated, or otherwise processed to create a number of
individual resonant elements. The material need not even be a
contiguous layer, but can be a series of resonant elements
individually present on a substrate. The materials making up
the resonant elements can be produced by a variety of meth-
ods, such as by pulsed-plating, depositing or etching. Pre-
terred methods for doing so are described 1n co-pending U.S.
application Ser. No. 10/917,571 and Ser. No. 11/203,407,
both of which were previously referenced above and incor-
porated herein by reference.

It 1s desirable to be able to have a convenient test apparatus
to determine whether the ultra-small resonant structures work
as expected and desired when excited by passing a beam of
charged particles there past, as well as to look at and study the
cifects of how the out put of the ultra-small resonant struc-
tures may change as the exciting conditions change or as a
result of modifications 1n their spacing, design, or shape, or as
the type and power within the beam of charged particles 1s
modified, as well as other aspects of the operation of such
devices.

With reference to FIG. 1, a diagrammatic representation of
a scanning electron microscope (SEM) 10 1s set forth and
includes a source 12 of a beam 14 of charged particles. Such
a beam 1s usually focused or controlled to confine 1t by a
suitable beam control 16, such as Wehnelt, or other similar
beam control device that 1s part of the SEM, and an anode 18.
An SEM will also include one or more condenser lenses 20
and an objective lens 22 to direct the beam within the micro-
scope. Since SEM’s are well known to those skilled 1n the art,
turther details thereotf are not needed nor provided herein.

FI1G. 1 also shows 1n phantom an outer housing 24 since the
testing process will, as with SEM use, take place under
vacuum conditions. Here again, the housing will differ with
cach model, type and manufacturer of SEM equipment thus
requiring the housing to be represented only. This 1s not to be
taken as a limiting factor with the present invention.

FIG. 1 also shows a stage to hold the sample being tested,
and 1n particular a nano-stage for holding and positioning the
array ol ultra-small resonant structures. The nano-stage 30
includes a main stage 32 on which the substrate 34 1s mounted
and on which has been formed a light emitting device array
36. It should be understood that the light emitting device array
36 of ultra-small resonant structures should contain two or
more ultra-small resonant structures 38, as shown in FIG. 3, 1t
can be formed from a plurality of ultra-small resonant struc-
tures. In addition, the light emitting device array 36 could be
comprised of several arrays of ultra-small resonant structures,
and the substrate 36 could be a portion of a chip, an entire
chip, or a portion of a substrate being used 1n the formation of
ultra-small resonant structures that has been cut from a larger
substrate. In FIG. 1 the stage has been placed in the SEM but
has not yet been oriented.

FI1G. 2 shows the nano-stage 30 as having been both rotated
and tilted to orient the array 36 to be aligned with and pret-
crably parallel with the beam 14. Nano-stage 30 has been
designed to be movable in multiple directions, including at
least the X, Y and Z directions, as shown by that symbol 1n
FIG. 2. In addition, the nano-stage 30 1s also tiltable and
rotatable 1n multiple directions and degrees. Movement 1n the
X direction in an SEM 1s normally in a range of about 0 to 100
mm, but only movement 1n the range of 0-100 nm 1s required
in most mstances for nano-stage 30. Movement 1n the Y and
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/. directions are usually 1n the range of 0-80 mm and 0-50 mm,
respectively, but with the nano-stage 30,Y and Z movement in
the ranges of 0-80 nm and 0-50 nm, respectively, should be
suificient. Tilting can be 1n the range of about —10° and +90°.
Rotation 1s preferably 360°. It 1s possible to test these devices
with nano-stage control of only two translation and one rota-
tion axis but it 1s preferred to have three and two, respectively.
It 1s preferred to have control over the movement ol nano-
stage 30 be either manual, via a joy stick, or by having
incremental movement under the control of a software or
computer program that can be either pre-set or controlled by
a combination of manual and/or automatic iputs. Each of
these movement parameters will be visible on digital readouts
or other similar displays so that 1t 1s possible to monitor and
vary each parameter as an independent entity or collectively.

While 1t 1s possible to use any substrate sample with an
array of ultra-small resonant structures, 1t 1s preferred that the
array be formed adjacent an edge of the substrate, or that the
substrate be cut so that one cut edge be directly adjacent the
cut edge. This makes the orientation of the substrate and the
array on the nano-stage, that 1s from the position shown 1n
FIG. 1 to that shown 1in FIG. 2 be an easier task. Alignment of
the beam 14 so that it passes across the top or side of the
ultra-small resonant structures 38 can be accomplished with
the array 36 located more centrally on the substrate 32, but
that alignment 1s made easier when the ultra-small resonant
structures 38 begin close to one edge of the cut substrate 32.

Nano-stage 30 can be driven by a variety of motorized
devices, but a pico-drive motorized stage 1s preferred. One
example 1s model 8081, a motonized five-axis tilt aligner,
manufactured by New Focus, that can be operated and/or
controlled by computerized, manual or joy-stick created sig-
nal inputs. The stage can be driven by a suitable picomotor,
and the stage 1tself can have the following operational param-
eters:

Style Five- Axis Tilt Aligner
Motorized Axes 5

Degrees of Freedom X,Y,Z,9,,0,

Linear Travel X,Y,Z =3 mm
Angular Travel 0,,0, =8°

Mimimum Incremental X,Y,Z =<30 nm
Motion

Angular Resolution
Maximum Load

0,, 0, = <0.7 prad
5 lbs

Once the array 36 1s aligned as desired with the beam 14,
and the ultra-small resonant structures 38 are excited, the
ultra-small resonant structures will begin to resonate and
produce out put energy, for example EMR or light in some
spectrum. To monitor and maintain a running check on the
operation of the array 36 and the individual ultra-small reso-
nant structures 38, one or more detectors, spectrometers, or
some similar device, including a focal plane array, to receive
and transmit the produced energy 1s needed. Such a detector
40 1s shown 1n FIGS. 1 and 2, and 1n FIG. 2 the out put energy
1s shown at 42. An optical detector 50, shown 1n dotted line 1n
FIGS. 1 and 2, can be used in place of detector 40, or 1t can be
used to recerve the produced energy 42 and direct that to
another device.

Another approach 1s shown 1n FIG. 4 where the produced
energy 42 1s recerved by an optical element 60 which can then
send the recerved signal to a detector, such as shown at 50 1n
FI1G. 2 that could be like one of those described above, or to
another optical system 62 from which an output signal 64 1s
transmitted out of the microscope. With any of these detector
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concepts, the produced energy will ultimately be transmitted
to a suitable display where the results can be seen, recorded or
otherwise used and studied.

Using a SEM as a test apparatus 1s convenient since 1t has
its own built in charged particle beam generator. Thus, 1t 1s
only necessary to have as a sample an array of the ultra-small
resonant structures on a substrate with the ability to then use
the microscope’s own beam to power or excite the ultra-small
resonant structures. Determining the operating characteris-
tics of any array of ultra-small resonant structures can be
quickly checked, observed and modifications can be accom-
plished quickly and efficiently. Further, the nano-stage per-
mits very small and precise changes in the orientation of the
sample to be easily and quickly made, relative to the beam’s
path. This also permits multiple arrays on a sample substrate
to be quickly checked by moving one and then another into
alignment with the beam, or by aligning the substrate so that
multiple arrays can be excited simultaneously by the beam of
charged particles created within the SEM.

Devices according to the present mvention are built from
ultra-small resonant structures that have been formed on a
suitable substrate. Thereafter, to perform testing of such
devices, the substrate, or depending upon its size a portion of
the substrate bearing the array to be tested can be cut out of the
substrate, will be mounted on or to a stage that can be used on
an electron microscope. It 1s preferred that the stage be mov-
able through multiple planes and angles so that the alignment
of the array within the electron microscope can be varied and
changed. The stage 1s then placed 1n an electron microscope
and the stage can then be positioned or oriented so that the
path of the electron beam, or what ever type of beam of
charged particles 1s being used, can be directed as desired
along the array of ultra-small resonant structures. Once that
stage position 1s established, the beam can be turned on, the
array can be excited and suitable detectors, within a sight line
of the energy out put from the array, such as EMR, can be
received and signals generated corresponding to that out put
EMR. Where movement of the beam 1s accomplished relative
to the array during testing, for example by being detlected,
where the stage itself 1s moved during testing, or where both
the beam 1s deflected and the stage 1s moved, the detectors
will receive the varying EMR being emitted in accordance
with the relative movement between the array and the beam.
This permits beam movement to be viewed, studied and
experimented with and the results observed.

In addition, the operation of the ultra-small resonant struc-
tures frequently mvolves the movement or deflection of the
beam of charged particles. Consequently, it 1s also desirable
to be able to deflect the beam of charged particles coming
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from the source thereof with the SEM, to move or reposition
the array on the stage during or as a part of the testing and
exciting process, or both.

While the invention has been described 1n connection with
what 1s presently considered to be the most practical and
preferred embodiment, 1t 1s to be understood that the mnven-
tion 1s not to be limited to the disclosed embodiment, but on
the contrary, 1s intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

We claim:

1. A test apparatus for examining the operation of ultra-
small resonant structures comprising:

an array ol ultra-small resonant structures formed on a

substrate;

a SEM 1ncluding a source of a beam of charged particles;

a multi-positional stage mountable within the SEM and on

which the array 1s mounted, the stage being movable 1n
multiple directions relative to a path of a beam of
charged particles produced by the source so that the
array can be oriented relative to the beam and be excited
thereby.

2. The test apparatus as 1n claim 1 wherein the positioning,
of the stage 1s controlled to position the array relative to the
beam further comprises a source of control inputs.

3. The test apparatus as 1in claim 1 further including at least
one detector for receiving energy produced by the array when
excited by the beam and at least one display operatively
connected to the detector for displaying the energy produced
by the array.

4. The test apparatus as in claim 3 wherein the detector
includes an optical pick-up assembly.

5. The test apparatus as in claim 3 wherein the detector
comprises a focal plane array.

6. The test apparatus as 1n claim 1 further including a beam
deflector to move the beam relative to the array.

7. The test apparatus as 1n claim 1 wherein the stage 1s
movable prior to and during the generation of the beam.

8. The test apparatus as in claim 1 wherein the beam 1s
movable relative to the array.

9. The test apparatus as in claim 1 wherein multiple arrays
are provided on the substrate and the beam 1s oriented to
excite the multiple arrays.

10. The test apparatus as 1n claim 1 wherein the substrate
comprises a chip.

11. The test apparatus as in claim 1 wherein the SEM
comprises a scanning electron microscope.

12. The test apparatus as in claim 1 wherein the SEM
comprises a field emission scanning electron microscope.
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